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Abstract 
The city development tends to reduce green open space area. This land use change will affect the soil erodibility and then 
increase the erosion rates. Therefore, the existence of green open space area is very important in preventing soil erosion of the 
city. In Yogyakarta city, there are several types of green open space area, but there is still lack of data on how far those areas play 
role in erosion process. The objectives of this research were: a) to measure the value of soil erodibility of several types of green 
open space areas, and b) to study the soil characteristics related to soil erodibility. 
The soil erodibility measurement was done at the 11 sites samples of green open space area of Yogyakarta city, including river 
side, sport field (3 sites), garden (2 sites), office yard, settlement, school yard, and zoo (2 sites). In this research, both disturbed 
and undisturbed soil samples were taken from the field then analyzed in the laboratory. The K formula of Wischmeier and Smith 
was used for calculating the soil erodibility. 
The research results showed that the soil texture was mostly sandy loam; the soil permeability ranged from the lowest of 2.34 
cm/hr (at the grass of the zoo) up to the highest of 34.88 cm/hr (at the city garden). The soil organic matter ranged from the 
lowest of 1.2 % (at the school yard) up to the highest of 5.65 % (at the office yard). The soil structure could be classified as 
granular at all areas. In general, the green open space area had soil erodibility of 0.16 to 0.29 which was considered as low level. 
It means that the green open space area reduces soil erodibility. Based on this result, it is strongly recommended that in 
developing the city, the area of green open space must be allocated. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the SustaiN conference committee and supported by Kyoto University; (RISH), 
(OPIR), (GCOE-ARS) and (GSS) as co-hosts. 
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1. Introduction 
Natural resources in the form of soil, water, and forest are important capitals for environmental development. 
This plays an important role in supporting humans need. According toArsyad [1], the land use change was a human 
intervention in fulfilling human’s requirements. The existence of green open space area is very important in 
conserving the city to have more vegetation coverage and to conserve the soil and water. Moreover, Rahim[2] 
concluded that vegetation coverage increased the soil aggregate stability and soil porosity so that the soil had higher 
infiltration capacity. 
Land use conversion in a city impacts on the reducing of green open space area, whereas this situation is a result 
of the development of settlements, industries, offices, education buildings, and roads construction. The reducing of 
green open space areas also affectsthe land capability to infiltrate the water; so, during the rainy season, the runoff 
will increase [3]. Furthermore, this situation will affect the increasing rate of erosion. 
According to Bahrami et al. [4], soil erosion results from the detachment, the transportation and sedimentation of 
the soil particles. Factors such as wind characteristics and similar climatic conditions play paramount roles in the 
disintegration of soil structure. Rain as an external factor plays the most important role and, of soil factor, erodibility 
phenomenon is mainly important. Soil erodibility factor is calculated on the basis of soil texture, organic matter, soil 
structure and basic soil permeability. Soil erosion is a serious environmental, economic and social problem. Not only 
causing severe land degradation and soil productivity loss, it also threatens the stability and health of society in 
general and sustainable development of rural areas in particular. In general, erosion process was influenced by two 
main factors: rainfall erosivity and soil erodibility.  Soil erodibility is usually regarded as the susceptibility of soil to 
erode [5]. 
It was mentioned by Asdak[3] that when the rainfall was not infiltrated to the soil, the rainfall became the run off. 
Besides, the city development which tends to reduce green open space area will also affect the soil erodibility which 
then increases the erosion rates.  In Yogyakarta city, there are several types of green open space areas, but there is 
still a lack the data on how far those areas play role in erosion process and, more specifically, in reducing soil 
erodibility. The purpose of this research was: a) to measure the value of soil erodibility of several types of green 
open space areas, and b) to study the soil characteristics related to soil erodibility. 
2. Material and Method 
This research was carried out at green open space areas of Yogyakarta city. Samples were taken from the field at 
various types of green open space areas. The soil erodibility measurement was done at 11 sites samples of green 
open space area of Yogyakarta city, including Code river side, sport fields of Kridosono, Mandala Krida, and Terban, 
gardens of Taman Pintar and Kotabaru, Kopertis 5 office yard, Baciro settlement, SMK 2 school yard, and Gembiro 
Loka zoo (2 sites: under the trees and at the grass area). Soil samples were taken from the field at the 11 locations, 
including both disturbed and undisturbed soil samples. Disturbed soil samples were taken using composite method, 
whereas undisturbed soil samples were taken using soil ring sample. Then, the soil characteristics were analyzed in 
the laboratory, including for soil texture, structure, permeability and soil organic matter content (using Walkley and 
Black method). To calculate the soil erodibility, the formula of Wischmeier and Smith [6] was used. 
 
K =   2.173{ 2.1 M1,14(10-4) (12-a) + 3,25 (b-2) + 2,5 (c-3)                             (1) 
100  
 
K = Soil erodibility 
M = particles percentage (% of very fine sand + % of silt x (100-% clay) 
a = organic matter content (% C x 1,724) 
b = soil structure 
c = soil permeability. 
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3. Result and Discussion 
Soil erodibility factor depends on four parameters: soil texture, structure, permeability and organic matter content. 
The soil characteristics analyzed in this research can be seen on Table 1 as follows.  
Table 1. Soil physical and chemical characteristics 
 
  Location sand silt clay texture class Permeability OM  Erodibility 
     (%)  (%)  (%)   (cm/hr) (%)   
1 Code River side 87.3 8.42 4.28 Sand 27.63 2.9 0.21 
2 Kridosono sport field 76.07 16.5 7.43 sandy loam 23.3 2.8 0.25 
3 Mandala Krida sport field 77.27 12.41 10.32 sandy loam 14.94 5.64 0.16 
4 Taman Pintar garden 74.58 16.21 9.21 sandy loam 34.88 3.18 0.21 
5 Kopertis 5 office 73.81 17.45 8.75 sandy loam 21.75 5.65 0.18 
6 Baciro settlement 67.61 21.64 10.75 sandy loam 22.88 1.57 0.29 
7 Terban sport field 87.28 8.35 4.37 Sand 7.59 3.81 0.23 
8 SMK 2 Scholl yard 75.21 16.29 8.51 sandy loam 29 1.2 0.26 
9 Gembira Loka zoo- trees 83.36 12.06 4.58 loamy sand 8.1 2.63 0.28 
10 Gembira Loka zoo - grass 69.42 21.36 9.22 sandy loam 2.34 2.75 0.29 
11 Kotabaru garden 81.46 12.26 6.28 loamy sand 20.88 2.9 0.24 
 
 Soil texture is a permanent characteristic of the soil and it has a significant influence to the other soil 
characteristics, such as soil structure, consistency, permeability, run off, infiltration, and others. Soil texture, such as 
sand, loam, sandy loam or clay,refers to the proportion of sand, silt and clay sized particles that make up the mineral 
fraction of the soil. According to Ball[7], soil texture refers to the composition of the soil in terms of the proportion 
of small, medium, and large particles (clay, silt, and sand, respectively) in a specific soil mass. For example, a coarse 
soil is sand or loamy sand, a medium soil is loam, silt loam, or silt, and a fine soil is sandy clay, silty clay, or clay. 
For example, light soil refers to a soil high in sand relative to clay, and heavy soils are made up largely of clay. 
Texture is an important soil characteristic because it influences the capability of the soil to hold such amount of 
water, the rate of water movement through the soil as well as its workability and soil fertility.  
Soil texture reflects the percentage of content of sand, silt and clay of the soil that then can be classified into 12 
classes based on USDA triangle. The soils of the study area had a high sand percentage of 67.71 to 87.3 %. Whereas, 
the silt content was of 8.35 – 21.36 % and clay content was of 4.28 – 10.75 % that were considered as relatively low. 
The soil texture of the 11 sites was mostly sandy loam (7 sites). The other soil textures were loamy sand (2 sites) and 
sand (2 sites). As the soils have the coarse texture, they were well aerated but did not hold much water and were low 
in nutrients. By contrast, clay soils held more water and were better at supplying nutrients to the plants. This type of 
soil texture class was typical for Regosol soil which covered the Yogyakarta city. This soil has the volcanic parent 
material, therefore, the soil texture is relatively coarse as a result of the soil which is still developed and considered 
as young soil. The soils of Code River and Terban had the highest sand content because there was lack of 
tillage.Kridosono and Mandala Krida sports areas were covered by grass so the sand content was a little bit lower. 
This was because of the root development which influenced the soil texture. Furthermore, the soils of Taman Pintar, 
Kopertis 5, Baciro settlement, SMK 2 School yard and Gembira Loka zoo (grass) had the lowest content of sand. 
This was because of the soil tillage that could influence the soil texture.  
Soil structure is the aggregation of individual soil particles into larger aggregates of identifiable shape. Well-
developed soil structure promotes a network of cracks and large pores that accommodate infiltrating water, resulting 
in reduced erosion due to decreased runoff. Good aggregation also holds particles together, enabling the soil to resist 
the detachment forces of water and raindrop impact [8]. The soil structure of the whole study area was granular. In 
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relation to soil erodibility, the coarse soil texture with the high sand content had the lowest aggregate stability and 
easily dispersed. The granular soil structure of the study area was resulted from the coarse soil texture.   
The two soil characteristics – soil texture and structure – greatly influenced soil permeability. Permeability is a 
measure of the rate at which water percolates through a soil. It is a function of texture, structure, and soil bulk 
density. Water rapidly enters highly permeable soils, reducing runoff and, therefore, soil erosion. The permeability 
of the subsoil is also an important consideration. A subsurface horizon that is slowly permeable to water can cause a 
perched water table to develop during a large storm or irrigation event. When even a highly permeable soil is 
saturated because a perched water table, infiltration slows down and surface runoff becomes a major path for 
hydrologic flow, increasing soil erosion. The terms permeability and infiltration are not synonymous [8]. 
Permeability is a measure of how easily water moves through a soil. At the surface, it affects the rate at which water 
can enter a soil, known as the infiltration rate. It is affected by soil structure and texture. Porosity is the amount of 
space around mineral grains that can be filled by water or air which contributes to a soil’s permeability. Particularly 
large pores that are visible are called macrospores [1]. 
In this study, the soil texture was coarse and the soil structure was granular resulting in the relatively high soil 
permeability. The soil permeability ranged from the lowest of 2.34 cm/hr (at the grass of the Gembira Loka zoo) up 
to the highest of 34.88 cm/hr (at the Taman Pintar city garden). This permeability rates were resulted from the sandy 
loam soil texture and granular soil structure. Gembira Loka and Terban sport field had relatively low permeability 
because the human disturbance at the areas resulted in the soil compaction; thus, the water less rapidly permeates 
into the soil. By contrast, Taman Pintar had the highest soil permeability because this area was relatively 
undisturbed; thus, the water and air rapidly permeate to the soil. It was stated by Ball[7]that permeability referred to 
the movement of air and water through the soil, which was important because it affects the supply of root-zone air, 
moisture, and nutrients available for plant uptake.  
Soil organic matter is the component of soil derived from all biological sources—whether living or nonliving. 
Soil organic matter is a vital indicator of soil health because of its impact on a variety of soil functions and properties 
[1]. Soil organic matter (SOM) is an aggregating agent that binds mineral particles together to develop structure in 
the soil. Undecomposed organic residues present at the soil surface protect the soil against raindrop impact. Highly 
decomposed organic material in the soil, called humus, acts as a glue to bind soil particles together into aggregates. 
Soils that are higher in SOM are more resistant to erosion [8]. The soil organic matter, together with soil texture and 
structure, plays an important role in influencing the soil permeability.  
The soil organic matter functions as cement which can improve soil aggregate stability. On the other hand, 
organic matter also functions as a sponge that can absorb the water. The organic matter content of the soil varied 
from the lowest of 1.2 % (at the SMK 2 school yard) up to the highest of 5.65 % (at the Kopertis 5 office yard). 
Mostly, the study area had the moderate to high organic matter content. The high SOM content at Kopertis 5 office 
yard and Mandala Krida sports field could prevent the soil from the detachment of the rainfall kinetic energy and 
resulted in the lower soil erodibility. 
Soil erosion is a three-step process. It begins with particle detachment, which is followed by particle transport and 
finally by deposition of transported particles in a new location. The first two steps are largely influenced by the 
nature and properties of the soil. Four major soil properties that govern erodibility are soil texture (particle size 
distribution), structure, organic matter content, and permeability. Erodibility is low for clay-rich soils with a low 
shrink-swell capacity because these clay particles mass together into larger aggregates that resist detachment and 
transport. Sandy soils with large amounts of fine, medium, or coarse sand particles (0.10 to 2.0 mm in diameter) also 
have low erodibility. Sand particles lack the ability to aggregate together; but, since most sandy soils are highly 
permeable, water runoff is low; hence, erosion is often slight. In addition, the large grain size of sandy soils means 
that it takes more energy to transport its particles than those of finer-textured soils. Medium-textured soils (loamy 
soils) tend to be the most erodible because they have high amounts of silt and very fine sands. These soils tend to 
have moderate to low permeability and low resistance to particle detachment. If disaggregated, small particles (silts 
and clays) are easily transported. Rock fragments can also prevent erosion by protecting the soil from raindrop 
impact [8]. 
Based on the soil characteristics, i.e. soil texture, structure, permeability and organic matter content, the soil 
erodibilty can be calculated. In general, the green open space area of Yogyakarta city has relatively low soil 
erodibility, ranges from 0.16 to 0.29 which are considered as low level. This low level of soil erodibility is a result of 
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the sand particles and large grain size so that it takes more energy to transport and has a relatively high level of 
permeability as well as the relatively high organic matter content of the soil. The soil erodibility of Mandala Krida 
and Kopertis 5 office were relatively lower than the others. The two areas had the same soil texture, i.e. sandy loam, 
and the soil permeability of the two areas that was classified as fast. However, the soil organic matter content of the 
two areas was considered higher compared to the other area. Soil organic matter is an important parameter in 
influencing soil permeability. Soil organic matter acts as a glue to bind soil particles; on the other hand, soil organic 
matter also plays role in absorbing the water. By contrast, Baciro settlement and Gembira Loka zoo (grass) had 
relatively higher soil erodibility because of the lowest sand content when compared to other areas. 
The soil erodibility of all areas of the green open space areas in Yogyakarta city was classified as low to moderate 
level. This low level of erodibility was not only resulted from the soil characteristics but also because of the presence 
of vegetation. It was mentioned byGeen et al. [8] that increasing soil organic matter promoted structure and also 
protected the soil surface from raindrop impact when applied as mulch. The vegetation at the green open space areas 
supplies the mulch which improves the soil organic matter.  The settlement area has the highest erodibility because 
the area is compacted by frequent human activities. 
To reduce the soil erodibility, there are few practices; for example, by altering soil texture, managing soil 
structure and soil organic matter content as well as permeability. To improve the soil structure, it is done by adding 
aggregating agents, such as organic matter to the soil. Soil structure can also be improvedby minimizing soil 
disturbances, by practicing no-till or conservation tillage or by limiting traffic across the soils. Management practices 
that bolster soil organic matter levels (such as, conservation tillage, no-till, addition of compost or mulch, conversion 
to perennial crops, and utilizing cover crops) also improve soil structure and can lead to improved permeability. 
Unsatisfactory management practices, such as frequent, heavy traffic, traffic when the soil is wet, or intense tillage, 
can degrade the soil structure and accelerate erosion. As stated earlier, to improve the permeability of topsoil is by 
using the same management practices described above for managing soil structure and soil organic matter [8].  
4. Conclusion 
It can be concluded that, in general, the soil erodibility of several types of green open space areas of Yogyakarta 
city ranges from 0.16 to 0.29 or is classified as low to moderate level. The soil erodibility is influenced by the soil 
characteristics of soil texture, structure, organic matter content and permeability. However, the presence of 
vegetation in the form of green open space areas would also reduce the soil erodibility through the mulch input. 
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